Aim. To examine sexual dysfunction among women with and without diabetes in a community-based sample of women aged 30-79 years. Methods. We conducted a cross-sectional analysis of survey responses of female participants in the Boston Area Community Health Study, a community-based random sample, who answered questions regarding sexual functioning and diabetes status and also reported sexual activity (n = 1,291). Associations between diabetes and overall sexual function as well as domain of sexual function were examined in multivariable linear regression models. Results. Women with type 2 diabetes (n = 75) were older, less often white, and more likely to have decreased physical activity levels, elevated body mass index, and cardiovascular disease than women without diabetes (n = 1,190). Women with type 1 diabetes (n = 26) were similar to women without diabetes except for higher depression scores and lower levels of activity. Age, marital status, and depressive symptoms were correlated with overall sexual function. After adjustment for age and race, women with and without diabetes had similar arousal, lubrication, orgasm, dyspareunia, satisfaction, and desire. After further adjustment for other factors, including age, depression, and marital status, women with type 1 diabetes had increased dyspareunia compared with women without diabetes, and women with type 2 diabetes had similar functioning to women without diabetes. Conclusion. Women with type 2 diabetes may have similar sexual functioning to women without diabetes, although women with type 1 diabetes may more often have dyspareunia. Factors such as depression, which are common in women with diabetes, are more strongly related to sexual dysfunction than diabetes status. Wallner LP, Sarma AV, and Kim C. Sexual functioning among women with and without diabetes in the Boston Area Community Health Study. J Sex Med 2010;7:881-887.
Introduction

S
exual dysfunction is common among sexually active women, with over a third reporting dissatisfaction with overall sexual functioning, with up to 40% reporting specific sexual problems [1] [2] [3] . Compared with women without diabetes, women with diabetes face a greater proportion of disorders that may interfere with sexual function, including depression [4] , vaginal candidiasis [5] , and neuropathy [6] .
Studies of sexual dysfunction in women are few and results conflict [3, [7] [8] [9] [10] . Several studies demonstrate a greater prevalence of sexual dysfunction among women with diabetes than women without diabetes [9, 11] , while others do not [3, 7, 12] . Dysfunction may be more common in type 1 diabetes than in type 2 diabetes [13, 14] , but at least one study found that dysfunction among women with type 2 diabetes was more common than in controls [8] . Also, type 2 diabetes was associated with impaired sexual functioning in case series of Nigerian women [15] . Recently, it has been hypothesized that poorer sexual functioning in women with diabetes may be related to the imbalance of sex steroid hormones [16] .
One of the reasons for these conflicting results may be the different methods used to adjust for covariates, particularly depression and marital status. A recent report of sexual dysfunction in the Epidemiology of Diabetes Interventions and Complications study found that sexual dysfunction among women with type 1 diabetes was strongly associated with marital status and depression, but was not correlated with microvascular disease [7] . A study of Belgian women with diabetes also found that sexual dysfunction was associated with depressive symptoms but not with other factors related to diabetes [17] . These studies focused on type 1 diabetes and not on comparisons with controls.
Information on prevalence of sexual dysfunction and mediators between women with and without diabetes is limited, particularly for type 2 diabetes. Therefore, using a population-based sample, we examined the prevalence of specific aspects of sexual dysfunction in sexually active women with and without diabetes, before and after consideration of potential mediators and confounders, utilizing the Boston Area Community Health (BACH) Study.
Methods
Study Population
The study population was drawn from the BACH cohort, whose design has previously been described [1] . Briefly, the objective of BACH was to assess urologic symptoms in a community-based sample. BACH used a two-stage stratified cluster design to recruit a community-based random sample of 5,506 participants. Sampling was balanced among: males (n = 2,301) and females (n = 3,205), three racial/ethnic groups (black, Hispanic, and white), and four age groups (30-39, 40-49, 50-59, 60-79 years). Participants who reported sexual intercourse in the 4 weeks prior to interview were asked questions regarding sexual functioning; Of the 3,205 women in the BACH sample, 1,612 (50.2%) women either did not answer the sexually active question or reported not being sexually active in the prior 4 weeks and were excluded from this analysis. Also, women who reported being both type 1 and 2 diabetic or whose diabetic status was unknown were excluded resulting in a final study population that included 1,291 sexually active women. As this study was performed on a de-identified public-use data set, it was classified as exempt by the local Institutional Review Board.
Main Outcome Measures
The BACH Female Sexual Function Index (FSFI) ascertains overall sexual function as well as function in several domains of function, including arousal, lubrication, pain, desire, orgasm, and satisfaction. All BACH participants were asked, "Over the past 4 weeks, how satisfied have you been with your overall sex life? How often did you feel sexual desire or interest? How would rate your level (degree) of sexual desire or interest?" Participants reporting intercourse in the past 4 weeks were then asked questions regarding domains of sexual function noted above. Lower scores indicate poorer sexual functioning within each domain. The 6-item overall BACH FSFI is a short-form questionnaire that was validated against the same data set used to validate the original FSFI, with a lower score reflecting worse sexual functioning [18] . Individual domain scores were examined as continuous variables and the overall BACH FSFI score was dichotomized based on the cutoff of the original FSFI, with a score of Յ26.2 reflecting female sexual dysfunction (FSD) [1] .
Independent Variables
Our primary exposures of interest were type 1 and type 2 diabetes. Women who reported having juvenile-onset (insulin dependent) diabetes in the BACH questionnaire were classified as type 1, and women who reported having adult-onset (non-insulin dependent) diabetes were classified as type 2. Information regarding age (years), race/ ethnicity (non-Hispanic white, non-Hispanic black, Hispanic), marital status (married/living with partner, separated/divorced/widowed/, single/never married), annual household income (<$20,000, $20,000-$59,999, Ն$60,000), height, weight, smoking status (never, previous, current), physical activity score (<100, 100-249, Ն250), alcohol use in the past 30 days (yes/no), menopause (yes/no), cardiovascular disease (yes/no), and a modified short form of the Center for Epidemiologic Studies Depression score were obtained by interview [1] . Body mass index (BMI) was calculated and categorized as normal (<25 kg/m 2 ), overweight (25-29.9 kg/m 2 ), or obese Ն30 kg/m 2 .
Statistical Analyses
Bivariate analyses using two-sided t-tests and chisquare tests for association were used to compare women with and without diabetes and women with and without FSD. Multivariable generalized linear models examined mean FSD domain scores by diabetes status, before and after adjustment for the variables noted above. Backward stepwise regression, which included significant covariates as determined through bivariate analyses, was used to fit a parsimonious final model. All analyses adjusted for the two-cluster complex survey design of BACH using sample weights and were performed using SAS 9.2 (Cary, NC, USA) and SUDAAN 10.0 (Research Triangle Park, NC, USA).
In sensitivity analyses, the distribution of overall and domain-specific FSD scores was examined to determine the potential for a threshold effect. No significant thresholds were observed (results not shown), so we illustrate analyses that examine outcome measures as continuous scores only.
Results
Characteristics of women with and without diabetes are illustrated in Table 1 . Few women reported having type 1 diabetes (n = 26). Women with type 1 diabetes reported slightly lower levels of physical activity and slightly higher depression scores, indicating greater depressive symptoms when compared with women without diabetes. Women with type 2 diabetes (n = 75) were older, less often white, and more likely to have decreased physical activity levels, elevated BMI, and cardiovascular disease than women without diabetes (n = 1,190). Women with type 2 diabetes were also slightly more likely to report alcohol intake in the past month.
Demographic, behavioral, and comorbid characteristics by sexual dysfunction status are displayed in Table 2 . Women with sexual dysfunction were older (P = 0.01) and more likely to be married (P = 0.02) than women without sexual dysfunction. Also, women with sexual dysfunction had higher mean depression scores when compared to women without FSD. (P Յ 0.01) Sexual function scores by domain and diabetes status, adjusted for significant demographic, behavioral, and comorbid factors, are illustrated in Table 3 . Women with type 1 diabetes reported greater pain with intercourse than women without diabetes (P = 0.01). Women with type 2 diabetes reported better achievement of orgasm than women without diabetes (P = 0.05). Overall sexual functioning was not found to differ between Women with diabetes could be at greater risk for sexual dysfunction due to their greater rates of depression [4, 7] and neuropathy [6] compared with the general population. In addition, women with diabetes are at greater risk for vaginal infections, particularly yeast candidiasis, that may have predisposed them to dyspareunia [5] . It is possible that the sample of women with type 1 diabetes reported greater dyspareunia for this reason. Previous studies performed using BACH and other data have found that FSD is associated with greater age, married or partnered status, and depressive symptoms. Other factors, such as income, BMI [1] , and degree of microvascular and macrovascular disease and control [7] ,were not significantly associated with dysfunction. While we noted greater depressive symptom scores among women with type 1 diabetes, adjustment for this and other covariates did not remove the association between type 1 diabetes and dyspareunia. Although women with type 2 diabetes more frequently had profiles that might increase their risk of sexual dysfunction, such as greater comorbid disease, sexual functioning was similar to women without diabetes before and after adjustment for these other factors.
These results contrast with nonpopulationbased studies that compared women with and without diabetes, which suggest that women with both type 1 and type 2 diabetes suffer from dysfunction more frequently than women without diabetes [2, 13, 14, 19] . Doruk and colleagues [13] found that Turkish women with type 1 diabetes (n = 21) had greater dyspareunia and lower rates of orgasm and satisfaction than women without diabetes (n = 56), although the difference was slight. Women with type 2 diabetes (n = 50) had lower rates of arousal than women without diabetes [13] . Women with diabetes were more often menopausal and reported cardiovascular disease more frequently, but comparisons did not adjust for these factors. Abu Ali and colleagues found that approximately 60% of Jordanian women with diabetes aged greater than 50 years reported sexual dysfunction, and diabetic women had lower desire, arousal, lubrication, and orgasm than women without diabetes, but comparisons adjusting for potential confounders, including marital and menopausal status, were not performed [19] . Other studies from Germany [14] , Belgium [17, 20] , and the United States [7] have found high rates of sexual dysfunction, ranging from approximately 1/4 to 1/3 among women with type 1 diabetes and 40% in women with type 2 diabetes, although a comparison group was not included [7, 14, 17, 20] .
Our results may differ from these studies for several reasons. We examined a population-based community sample, as opposed to a clinic or hospital-based sample, and thus, the BACH participants may have been healthier despite their diagnosis of diabetes. Our results are comparable to population-based studies, suggesting that selection factors may account for significant associations between diabetes and sexual function [3] . Similarly, due to the manner in which the BACH assessed functioning across domains, we only examined women who reported sexual activity in the last 4 weeks; it is possible that if we were able to ascertain functioning in domains in women who were less sexually active, we would have detected greater differences. Also, we were able to adjust for factors associated with sexual dysfunction in general populations, particularly depressive symptoms and menopausal status, which are important predictors of dysfunction in other studies [7] . Salonia and colleagues noted that Italian women with type 1 diabetes reported similar sexual function during the follicular phase of their menstrual cycle to controls, but women with diabetes had worsened sexual function during the luteal phase [21] . Also, Veronelli and colleagues found premenopausal women with diabetes to have lower FSFI scores compared with premenopausal women without diabetes [12] . The BACH data were collected irrespective of menstrual cycle, and as a result, our associations may be underestimated. Similarly, at least one study in mice suggests that hormone supplementation may counteract diabetes sexual dysfunction [22] , and hormone replacement (not measured in BACH) may have led to unmeasured confounding, although the direction of this bias is not known. Finally, it is possible that the prevalence of sexual function in women with diabetes varies in the United States compared with other countries.
While our study is the first to recently investigate sexual functioning among women with type 2 diabetes, there are important limitations to consider. As this was a cross-sectional study, it is not possible to determine if diabetes is causally related to sexual functioning in women. Also, the number of women with type 1 diabetes was small, and we may have been underpowered to detect differences in domains of sexual functioning. The presence of diabetes and comorbidities were obtained by self-report; therefore, undetected or unreported disease may have confounded our estimates resulting in underestimated associations. The majority of women (69%) with type 2 diabetes in this cohort reported they were not sexually active, and for that reason were not asked BACH FSFI questions. Therefore, it is possible that the amount of sexual dysfunction in women with diabetes in this sample is underestimated and is biasing our results toward the null. We did not ascertain distress associated with limited sexual functioning, and it is possible that examinations of distress might have revealed a different pattern of associations [3] . Finally, we conducted multiple comparisons, and it is possible that the slight associations between diabetes and particular domains of functioning may have occurred by chance.
Conclusions
We conclude that in a population-based sample in the United States, women with type 2 diabetes may have similar overall sexual functioning compared with women without diabetes, although women with type 1 diabetes may have greater dyspareunia than women without diabetes. These findings suggest that greater sexual dysfunction previously documented in women with diabetes may have been mediated or confounded by other factors, particularly depression or menopausal status. Further research should be conducted examining the association between depression and sexual function, particularly regarding modification by comorbid disease.
